A unique mutational process called repeat-induced point mutation (RIP) that causes multiple G:C to A:T transition mutations and methylation of cytosine residues in DNA sequences that are duplicated in an otherwise haploid nucleus occurs during crosses in Neurospora crassa, in the dikaryotic stage between fertilization and karyogamy (for reviews see Selker, 1990; Irelan and Selker, 1996) . Although RIP has been known for several years, no mutants have thus far been reported with a "RIP-less" phenotype. N. crassa is a heterothallic species, that is the two nuclei of the dikaryon are contributed by different parental strains. Consequently, in the absence of suitable balancer chromosomes, it is difficult to obtain homozygosity for recessive mutations that affect the diplophase (but see Leslie and Raju, 1985) . However, even dominant, single-gene, mutations affecting RIP have not been reported thus far. Recent studies in our laboratory showed that a chromosome segment duplication, Dp (IIIR 3 [I; II] )AR17, can dominantly suppress RIP in a smaller gene-sized duplication, possibly by titrating out the RIP machinery from the dikaryotic cell (A. Bhat and D. P. Kasbekar, unpublished observations). Since N. crassa is a highly polymorphic outbreeder (Perkins et al., 1976) , it was conceivable that additional classes of dominant RIP suppressors might be present in natural populations. The primary objective of this work was to screen wild-isolated strains of N. crassa for the ability to dominantly suppress RIP.
The erg-3 gene provides an excellent target for scoring the occurrence of RIP. It is located in linkage group (LG) IIIR and encodes the ergosterol biosynthetic enzyme sterol C-14 reductase (Perkins et al., 1982; Papavinasasundaram and Kasbekar, 1994) . Prakash et al. (1999) constructed strains in which a tagged duplicate copy of a 1.3-kb fragment of erg-3, designated Dp 1.3 ec hph, was introduced ectopically to target RIP to erg-3. RIP-induced erg-3 mutants are viable and have altered sensitivities to isoflavonoids and to the steroidal glycoside ␣-tomatine (Sengupta et al., 1995) . Whereas the wild type is resistant to isoflavonoids and sensitive to tomatine, erg-3 mutants are resistant to tomatine and sensitive to isoflavonoids.
Most importantly for our present objective, the colonies generated from erg-3 mutant ascospores exhibit a characteristic growth morphology on Vogel's-sorbose agar medium that allows them to be unambiguously identified by merely inspecting the plates under a dissection microscope (Fig. 1) . In this study, Dp 1.3 ec hph strains were crossed with the wild-isolated strains and the frequency of erg-3 mutants among the progeny was scored. Our results suggest that a wild-isolate from Adiopodoume, Ivory Coast can exert a dominant suppression of RIP in erg-3. To our knowledge this is the first investigation of RIP in wildisolated strains of Neurospora.
It has been suggested that RIP may be responsible for the "barren" phenotype of crosses involving strains bearing large chromosome segment duplications (Perkins et al., 1997) . Barren crosses produce perithecia but few or no asci or ascospores. It was conceivable that mutation and methylation of large stretches of the genome by RIP in some way interfered with perithecial development and thus caused barrenness. As a preliminary investigation of this hypothesis we examined whether the barren phenotype was suppressed (i.e., more ascospores were produced) in crosses between Dp(IIIR 3 [I;II])AR17 segmental aneuploid strains and four wild isolates that were identified as "low-RIP" strains.
MATERIALS AND METHODS

Strains
Hundreds of Neurospora strains have been isolated from various "wild" populations from all over the world.
These are maintained by the Fungal Genetics Stock Center (FGSC), Department of Microbiology, University of Kansas Medical Center, Kansas City, Kansas. The strains are maintained in suspended animation on silica gels that were prepared shortly following their isolation from the wild (Perkins et al., 1976) . Many of the wild-isolated strains have been crossed with standard reference strains representing each of the nonhomothallic species in this genus and this has resulted in the ascertainment of species and mating type of a large subset of wild-isolated strains.
We set out to screen the N. crassa wild isolates of the mat A mating type for any that may exert dominant effects on RIP. The FGSC strain catalogue (6th edition, 1996) lists 74 such strains. Three of them (Groveland-1c, FGSC 1945; Esterillo Este Rd-3, FGSC 6206; and Tucamanduba, FGSC 7556) hph mat A strains has been described by Prakash et al. (1999) . These strains contain a transgene on LG I, designated Dp 1.3 ec hph, that is marked by the bacterial hph gene for resistance to the antibiotic hygromycin B. Additionally, the transgene contains a 1.3-kb fragment of erg-3 which serves to target RIP to the erg-3 locus.
The details of the construction of the Dp (IIIR 3 [I; )AR17 mat a strains (A17, A40, A52, and B23) will be described elsewhere. Briefly, the A17, A40, and A52 strains were obtained as progeny from a cross between Dp 1.3 ec hph mat A and translocation strain T(IIIR 3 [I;I-I])AR17, mat a (Perkins lab stock No. xx-366 ϭ FGSC 1463). The translocation strain was provided by David D. Perkins (Stanford University) and is described by Perkins (1997) . Roughly one-third of the viable progeny from this cross inherit LG's I and II from the translocation parent and LG III from the euploid parent and consequently become duplicated for the translocated segment of LG III. B23 is a Dp (IIIR 3 [I; II] )AR17 segregant that was obtained from a cross between the wild type and a Dp (IIIR 3 [I; II] )AR17 sibling of the A17, A40, and A52 strains. The duplicated segment includes a wild-type allele at the LG III locus dow; and the identification of dow mutants among the progeny from crosses of A17, A40, A52, and B23 with the wild type allowed us to verify that they were indeed Dp (IIIR 3 [I; II] )AR17 strains. The dow mutants were presumably generated by RIP in the segmental aneuploid parent.
Growth Conditions
Crossing and maintenance of the Neurospora strains were essentially as described by Davis and De Serres (1970) . Antibiotic resistance was scored by streaking conidia onto 1.5% agar plates containing Vogel's N medium plus FGS (0.05% fructose, 0.05% glucose, and 2% sorbose) and supplemented with the antibiotic. The antibiotics tested were ␣-tomatine (Sigma) at 90 g/ml made from a 25 mg/ml stock solution in dimethylformamide and hygromycin B (Sigma) at 200 g/ml made from a 100 mg/ml aqueous stock solution. After an overnight incubation at 30°C on tomatine-supplemented medium, growth of only the erg-3 mutant strains can be observed (Sengupta et al., 1995) . Only strains expressing the hph gene could grow on hygromycin medium.
Ascospore Collection
Crosses were performed by confrontation between mycelia inoculated as plugs on synthetic crossing medium in petri dishes. Generally, ascospores began to be shot within 14 -16 days. They were harvested by washing the lids with ϳ1 ml water. A first harvest was made 31 days after the crosses were set up; then the petri dish lids were replaced and a second harvest was made after an additional 14 days.
Scoring RIP Efficiencies
Ascospores bearing RIP-induced erg-3 mutants exhibit a characteristic slow-growth morphology on Vogel's-FGS agar medium that enables them to be scored merely by inspection (Fig. 1) . Reliability of identifying the erg-3 mutant phenotype in this way was established by confirming the ability of the conidia to germinate and grow on tomatine-medium.
Double-Blind Experiment to Identify the Adiopodoume Strain
Five cultures of the Adiopodoume strain (FGSC 430) and 14 other wild-isolated strains were handed over by F.K.N. to her colleague A. Bhat (A.B.), who relabeled three Adiopodoume cultures and seven other wild isolates with the numerals 1,2, . . . 10 and handed them to another colleague, A. Prakash (A.P.) , who rerelabeled the cultures A, B, C, . . . J and returned them to F.K.N. Thus, there were two keys, one with A.B. indicating which cultures were numbered 1,2,3, . . . 10 and the other with A.P. indicating which of these was labeled A, B, C, . . . J. F.K.N. knew only that at least 1 of the 10 cultures was Adiopodoume. Only A.B. was aware that there were in fact 3 Adiopodoume cultures. The challenge was to predict which of the individual cultures A, B, C, . . . J were Adiopodoume and which were non-Adiopodoume on the basis of RIP efficiencies in crosses with Dp 1.3 ec hph mat a and to compare the predictions by reference to the keys. 
Estimating the Yield of Ascospores from the Barren Crosses
The crosses between the wild-isolated strains and the Dp(IIIR 3 [I;II])AR17 segmental aneuploid strains were barren and yielded very few ascospores. On the 31st day following the cross, the ascospores were harvested from the petri dish lids in 1 ml water, pelleted by spinning, and resuspended in 100 l water. The concentration of the resuspended ascospores was determined using a hemocytometer. From this value we obtained an estimate of the total number of harvested ascospores.
RESULTS
erg-3 Mutation Frequencies in Crosses Involving the Wild-Isolated Strains
The crosses between the Dp 1.3 ec hph strains and the wild isolates were all quite productive. Table 1 summarizes the RIP frequencies among ascospores harvested at 31 and 45 days following the setting up of the cross. None of the crosses showed an absolute inability to RIP. Thus, none of the 71 wild isolates tested contains a completely penetrant dominant RIP suppressor. However, there was a relatively wide range in RIP efficiencies. At 31 days the erg-3 mutation frequency was Ͼ10% in 5 crosses (involv- ing the wild isolates Agudas Rd.-1, Costa Rica (FGSC 852), Merger, Ravenswood-1, and Groveland-1c) and these wild isolates were identified as "high-RIP" strains. The frequency was Ͻ0.5% in four other crosses (involving Adiopodoume, Dacca, Carrefour Dufort, and Golikro) and the corresponding wild isolates were identified as "low-RIP" strains. In the remaining 62 crosses (87%) the erg-3 mutation frequencies were in the 0.5-10% range. At 45 days only the Adiopodoume strain continued to show an erg-3 mutation frequency Ͻ0.5%. In 25 crosses the frequency had increased to Ͼ10% and in the remaining crosses it was in the 1.6 -10% range. These results are consistent with the observation of Singer et al. (1994) that the frequency of RIP increases with the "age" of the cross; "late" harvests show greater RIP frequencies than "early" harvests. However, in 3 crosses (with the strains Georgetown-4, Tucamanduba-2, and Klong Rangsit-57) the erg-3 mutation frequency at 45 days was, in fact, slightly lower than that at 31 days. It is possible that in these crosses the efficiency of RIP may have "plateaued" by 31 days.
To confirm that the low frequency of erg-3 mutants in the cross involving the Adiopodoume (FGSC 430) strain was not merely a sampling artifact we performed this cross two more times (independently by F.K.N. and A. Bhat) and again the erg-3 mutation frequencies were very low (Table 2 ). In fact, the frequencies in these crosses were comparable with those observed in crosses of Dp 1.3 ec hph 
Identifying the Adiopodoume Strain Based on Its Suppression of RIP in erg-3
We tested whether the suppression of RIP can be used as a defining character to identify the Adiopodoume strain from among a collection of wild-isolated strains in a "double-blind" experiment. Crosses were set up between Dp 1.3 ec hph mat a and 10 cultures of wild-isolated strains coded A, B, C, . . . J. (The details of the coding and the wild strains used are described under Materials and Methods.) Ascospores were harvested after 31 days, and the following erg-3 RIP efficiencies were obtained (%): A, 1.1; B, Ͻ0.06; C, 0.03; D, 3.2; E, 0.03; F, 1.9; G, 1.7; H, 2.4; I, 1.3; and J, 5.3. Based on these results the strains coded B, C, and E were correctly identified as Adiopodoume and A, D, F, G, H, I, and J were correctly identified as the non-Adiopodoume strains. These results provide conclusive support to our claim that the Adiopodoume strain differs from all the other wild-isolated strains tested by virtue of its ability to dominantly reduce RIP in erg-3.
Is RIP Responsible for the Barren Phenotype Caused by Segmental Aneuploidy?
If RIP was responsible for the barren phenotype of crosses involving segmental aneuploid strains, we might expect crosses between the Dp (IIIR 3 [I; II] )AR17 mat a segmental aneuploid strains A17, A40, A52, and B23 and the 8 mat A wild isolates identified as "low-" or "high-RIP" strains (see above) to show differences in their barren phenotypes. Ascospores were harvested from the petri dish lids and their numbers were estimated as described under Materials and Methods. The results are summarized in Table 3 . As can be seen in Table 3 most of the crosses (with the possible exception of those involving the strains Golikro and Costa Rica) produced between 10 3 and 3.2 ϫ 10 4 ascospores and therefore were about equally barren. Significantly, the crosses with the "low-RIP" strain Adiopodoume produced fewer ascospores than the crosses with the "high-RIP" strains Agudas Rd.-1, Ravenswood, and Merger. Thus, these results do not support the hypothesis that the barrenness of crosses involving segmental aneuploid strains is because of RIP.
The duplicated segment in Dp (IIIR 3 [I; II] )AR17 includes a wild-type allele at the LG III locus downy (dow). Earlier studies in our laboratory had revealed that crosses between the strains A17, A40, A52, and B23 and the wild type can generate dow mutants, presumably via RIP in the Dp (IIIR 3 [I; II] )AR17 nucleus, at frequencies that were comparable with those reported by Perkins et al. (1997) (A. Bhat and D. P. Kasbekar, unpublished observations) . No dow mutants were obtained among the 112 segregants that were examined from the cross between A40 and the Adiopodoume strain (RIP frequency Ͻ 0.89%). However, dow mutants were produced in crosses of A40 with Ravenswood-1 and Merger, at frequencies of 7 of 147 (4.76%) and 2 of 200 (1%), respectively. Although the number of segregants compared in these experiments is small, these results are consistent with the hypothesis that the dominant reduction of RIP by Adiopodoume might extend even to large segmental duplications. 
DISCUSSION
The most important finding in this work was that the Adiopodoume strain exerted a dominant reduction of RIP in erg-3. A second finding was that despite this reduction, crosses between Adiopodoume and strains bearing the large chromosomal segment duplication Dp(AR17) were not more productive. This suggests either that the reduction of RIP in erg-3 might not be generalizable to other loci, particularly those covered by Dp(AR17), or that RIP might not be a primary cause for the barren phenotype of segmental duplication strains. Our evidence that the reduction of RIP extends to dow tends to favor the latter possibility.
The ability of Adiopodoume to support RIP has been investigated previously by Kinsey et al. (1994) . They found, as did we, that RIP can indeed occur in crosses that are heterozygous for the Adiopodoume genetic background, but they did not compare RIP efficiencies in crosses involving Adiopodoume and non-Adiopodoume strains. It is possible that we detected the reduction because our study compared Adipodoume with 70 other wild-isolated strains. Another reason could be that we monitored RIP events in the erg-3 gene, whereas they used the am gene. It is possible that different genes and genomic regions differ in susceptibility to RIP and to its reduction. One way to make a valid comparison between our results and those of Kinsey et al. (1994) would be to segregate their ectopically duplicated am gene into a Dp 1.3 ec hph mat a strain and compare the mutation frequencies in erg-3 and am among the progeny from crosses of these segregants with Adiopodoume and 74-OR23-1 mat A.
It is interesting that translocations also have been reported to be unusually frequent in crosses involving the Adiopodoume strain (reported by Kinsey and Helber, 1989 , as a personal communication from David Perkins). Insertional and quasiterminal translocations have the potential to generate segmental aneuploid segregants via the segregation of the translocation chromosome(s) with normal chromosomes in meiosis (Perkins, 1997) . Recent results from our laboratory have suggested that the presence of segmental duplication can protect a smaller duplication from destruction by RIP (A. Bhat and D. P. Kasbekar, unpublished observations). Selker (1990) has suggested that RIP might serve to protect the genome against the proliferation of transposable elements. In this context it is noteworthy that Adiopodoume is the only Neurospora strain known to harbor active copies of a LINE-like transposable element named Tad. All other Neurospora strains examined contain only RIP-altered relics of Tad (Kinsey et al., 1994) . Given the possibility of both dominant RIP suppressors and translocations, the survival of Tad in Adiopodoume is perhaps not quite as surprising after all.
